Gold is a unique asset, highly liquid, but scarce and limited. It is a luxury good and can be considered an investment opportunity. Gold is an asset which does not carry counterparty risk -there is no associated credit risk. Due to these characteristics, gold represents a significant asset, and has a fundamental role in investment portfolios. These circumstances increase the interests of investors to include gold in investment portfolios, especially during times of financial crisis. If an investor decides to include gold in investment portfolio, it is necessary to evaluate the portion of gold in the portfolio considering risk aspect, return and diversification. In this research, a hypothesis was tested and confirmed that gold offers good diversification for the investment portfolio, which implies that gold is a desirable asset in the investment portfolio.
INTRODUCTION
Throughout history, gold has always had a noticeable reputation and different characteristics: it held the role of a global currency, it was sometimes seen as goods, sometimes as a financial asset and, of course, as jewellery. During the rapid development of the global financial market in the 1980's and 1990's, gold became an increasingly attractive investment. Moreover, the last financial crisis in 2007/8 and the debt crisis in Europe in 2010 increased the interest of investors for gold. Investors want gold in their portfolios for many reasons. Some investors invest in gold in order to realise profit from the growth of the price of gold and take into account the limited supply of gold that can affect the price increase. Other gold investors consider it a strategic asset and a long-term investment because of the specific characteristics of this investment asset.
Financial crises, such as the global crisis 2007/8, increase the demand for safe assets like gold, as it is perceived as an asset that preserves its value and provides a high level of security in times of crisis. In addition, gold plays an important role in improving portfolio performance, portfolio diversification, and could reduce overall portfolio risk. Due to these characteristics, it is argued that gold is a desirable instrument in financial portfolios.
Previous research claim that asset class commodity could be the answer to many problems in investment activity today, and investment problems that the investment world faces. Because of the low correlation between commodity and bonds, equities and inflation, investment in commodity, such as gold, could be an valuable component in investment portfolios (Idzorek, 2006; Conover et al., 2010) . Gold is also considered an asset which can offer inflation hedge due to its low or negative correlation with inflation and currency devaluation. During times of inflationary pressures, the price of gold generally increases in order to balance inflationary consequences and hold purchasing power (Erb & Harvey, 2013) .
Academic studies have also shown that gold is an attractive investment, especially as an investment vehicle to diversify portfolios. Conover et al., (2009) but also Daskalaki & Skiadopoulos (2011) have shown that investment portfolios which include precious metals, like gold or silver, demonstrate a better rate of performance than portfolios without them.
Obviously, there is evidence that gold, as a financial asset, has an important role in diversifying investment portfolios and can improve their performance. In such circumstances, it is useful to research the role of gold in European portfolios during and after the financial crisis of 2007/8. It was found that there is a gap in research, which examined the optimal share of gold in investment portfolios during the pre-crisis and post-crisis period, but also research papers that mainly focused on European investors.
The aim of this study is to explore the optimal share of gold in investment portfolios from the perspective of a European investor. The optimal share of gold in the investment portfolio is being examined from a European investor perspective that invests in portfolios which contain three instruments: Eurozone government bonds, shares of European companies, and gold. Previous research has shown that a low correlation between these assets could improve portfolio performance, and we will therefore explore what an optimal share of gold in such an investment portfolio would be.
Bearing this in mind, the hypothesis that gold offers a good diversification for investment portfolios, thus implying that gold is a desirable asset in portfolios, will be examined in this research. The starting point is the assumption that the investor does not have a high-risk appetite, and prefers a lower risk portfolio. The empirical research is focused on the period from January 2000 to December 2017. Monthly data were used for the analyzed instruments, as follows: ◆ The EG05 index, which includes investment grade government bond maturity from 1 to 10 years, ◆ The Euro index Stoxx50, representing the top 50 shares of the best-performing companies from eleven Eurozone countries, and ◆ The price of gold expressed in dollars.
The desired share of gold in investment portfolios is estimated throughout two periods: from January 2000 to December 2017, and during the global crisis from January 2007 to December 2017. For portfolio construction and examining the optimal share of gold in investment portfolios, the modern portfolio theory proposed by Markowitz will be used.
LITERATURE REVIEW
The role of gold in investment portfolios and the need to be included in investment portfolios, are interesting and current topics. According to Hillier et al. (2006) , the existing literature that treats the role of gold in portfolios and the role of gold as an investment, can generally be classified into several areas, thus, gold is analyzed as a form of hedging, as an instrument of portfolio diversification, its connection with macroeconomic factors and gold production and its characteristics. From the perspective of this research, our focus will be on the role of gold in investment portfolios, so gold will be observed as a financial asset.
Usually, investors diversify portfolios through two key assets, i.e. stocks and bonds (Idzorek, 2006) . However, with increased globalization, research has shown that the correlation among primary assets has observed a steady growth (Idzorek, 2005; Johnson & Soenen, 1997) . As a result,, investors did not enjoy a high degree of portfolio diversification and their investments were not protected enough from the financial market turbulence (Ratner & Klein, 2008; Bernhart et al., 2011) .
Economic and political crises have influenced investors to include assets with a lower correlation with shares and bonds in portfolios, in order to diversify them. In this context, the idea of including new assets, such as gold, in portfolios with the aim of diversification, is desirable.
Numerous analysts consider gold a good alternative to diversification, due to its low correlation with traditional assets (Idzorek, 2006; Conover et al., 2010) . Gold is often perceived as a "safe haven" and as an asset that protects wealth and value in times of inflation, resulting from a low correlation of gold with market trends (Clapperton, 2010; Conover et al., 2009) .
During periods of global uncertainty, many investors choose to invest in gold because it is regarded as a safe investment. In addition to this, the rise in the price of gold, which has been present since 1999 through 2012, has led to a 15.4% annual return on gold investment. This is a far greater return than offered by shares in the U.S. (return of 1.5%) and bonds (return of 6.4%) over the same period (Fernando, 2017) .
Researchers have a different stance towards gold as an investment option. Some researchers highlight negative attitudes to gold in investment portfolios, while some have a positive view about gold and its role in portfolios. Investors, such as Warren Buffett, believe that gold is a non-productive asset that increases fears among its investors. He considers that the rise in gold prices from 2010 to 2012 was a "balloon", and compares it to the 17th-century Tulipomania, the dot-com crisis in the 1990's and the latest crisis of 2008. Numerous sceptics of gold generally support Buffett's claims (Fernando, 2017) .
The World Gold Council−or WGC (2018) highlights that gold is a highly liquid, scarce asset and is no one's liability. Moreover, gold is a luxury good, but also an investment. Because of these characteristics, gold can have a very important, even fundamental, role in investment portfolios. By adding gold to investment portfolios, investors can increase diversification but also enhance risk-adjusted returns. The WGC (2018) found that US dollar institutional investors, by adding 2%, 5% or 10% in gold, have increased returns and reduced volatility. Their analysis also showed that, for most US dollar investors, holdings between 2% to 10% of gold can improve portfolio performance.
The majority of researchers and analysts point out that gold is an attractive asset, and represents a good basis for portfolio diversification. Researchers have shown that portfolios containing precious metals, such as gold and platinum, have recorded significantly better performances than standard stock portfolios without gold (Conover et al., 2009; Daskalaki & Skiadopoulos, 2011; Hillier et al., 2006) . Nevertheless, advocates of gold-inclusive portfolios suggest that gold can minimize the standard deviation of the total portfolio risk, reduce volatility, and boost returns (Merk Investments, 2012) .
Gold can be the valuable asset for diversification -even a small share of gold in the portfolio, between 1% and 3%, can significantly reduce the overall portfolio risk (Michaud et al., 2011) . Research conducted during the 1980s', such as Sherman (1982) , suggest that the 5% share of gold in the stock portfolio resulted in lower risk and higher returns. Lucey et al. (2006) examined the structure of portfolios, investors, and their focus on finding optimal portfolios, and demonstrated that the optimal portfolio has 6% to 25% of gold, depending on the period of investment.
Numerous evidence suggest that gold can serve as a safe haven and an asset that provides a high degree of protection against inflation and currency depreciation, as observed over a long period of time (Baur & Lucey, 2010; Conover et al., 2009; Ghosh et al., 2004; Capie et al., 2005; Joy, 2011) . Similarly, Pullen et al, (2014) demonstrate and confirm that gold represents good protection in periods of financial disasters.
Baur and Lucey (2010) studied constant and time-varying relations between the U.S., the U.K., and German stock and bond returns and gold returns in order to explore gold as a hedge and safe haven. They found that gold, on average, is a safe haven in extreme stock market conditions, but did not found that gold is a safe haven for bonds at any analyzed market.
As we can see from previous research, there is a lot of evidence that gold represents a good basis for diversification portfolios. Furthermore, there are many papers on U.S. portfolios and role of gold, but not those on European investing in EUR financial instruments (bonds and shares). Additionally, there is lack of research on the optimal role of gold in EUR portfolios during and after crisis 2007/8. Considering all the abovementioned, this research will show that gold has a significant role in EUR investment portfolios, and can be used for diversification.
METHODOLOGY
The role and share of gold in portfolios was analyzed for the period from January 2000 to December 2017. The analysis includes the following instruments: Eurozone government bond index (EG05), Euro area stocks (Euro Stoxx50), and gold. All data is on a monthly basis, i.e., the analysis includes the value of each instrument at the end of the month. Firstly, a monthly return for each instrument is calculated using the following expression (Bodie, et al 2014) :
Rt represents a return, ln is the natural logarithm, p t is the value in the current period and p t-1 is the value in the previous period. Complete portfolio optimization was carried out based on the data on the monthly return of analyzed instruments.
The average of return, necessary for the analysis, is calculated as follows:
The standard deviation as a measure of the dispersion of the return, i.e., the deviation of the individual return from the middle value, was calculated using the following expression (Bodie, et al 2014) :
For calculating the VaR it is important to consider the observation period, as well as the confidence interval. Parameter VaR is known as the method of variance and covariance, and the formula for calculating parametric VaR is the following (Bodie, et al 2014) :
In the above formula, z a represent the quantile order α of standardized random variables, S is the value of the position being calculated. VaR was calculated with a confidence interval of 95%. The optimal portfolio is determined using the Markowitz method, or a modern portfolio theory. This theory involves the calculation of correlation and covariation among the instruments included in the portfolio, as well as the calculation of the expected return and portfolio risk.
The expected return of the portfolio is calculated using the following expression (Levišauskait, 2010) : In order to deploy an efficient portfolio, it is necessary to calculate the covariance that measures how two variables move together -whether to move in the same direction, so they have a positive covariance, or move in a different, opposite direction, so they have a negative covariance. Covariance is calculated as follows (Bodie, et al 2014) : For the next step, it is necessary to calculate the correlation between the instruments in order to determine the strength of the relationship between the instruments in a portfolio. The correlation should be used in conjunction with the covariance, and is represented as follow (Bodie, et al 2014) : 
RESULTS OF RESEARCH
This research has observed and analyzed during the period from January 2000 to December 2017, and the period from January 2007 to December 2017. All calculations are made for these two periods in Excel.
In the first step, all data are analyzed and demonstrated using descriptive statistics. Var, as an initial measure of risk, was calculated. The results are shown in Table 1 Descriptive statistics were calculated in Excel. All data are calculated for the period from 01.01.2000 until 31.12.2017. The same date were used for the calculated parametric VaR. It is important to emphasize that parametric VaR assume normal distribution. During the period from January 2000 to December 2017, the average return on the index of government bonds EG05 was 0.36%, the Euro Stoxx50 had a negative return of 0.02%, while gold had the highest return of 0.82%. The standard deviation, as a risk measure, was observed at the highest level with shares at 5.25%, followed by gold at 4.87%. Bonds carry a significantly lower standard deviation; thus, they are considered less risky instruments.
Frequency (Freq) shows the number of observations that are less than 0, and demonstrates returns that are less than 0%, divided by total observations. This implies that this data shows a return share that is less than 0% during the analyzed period.
The data show that the lowest returns below 0% in the analyzed period were recorded in bonds (EG05), where the frequency of negative return has a share of 31.94%, while the largest share of negative returns was recorded in the stock index, where this figure is 46.30%.
VaR as a risk measure is at the lowest level in bonds, which is further evidence that it is one of the safest instruments of investment.
Descriptive analysis and VaR for the period from January 2007 to December 2017 was calculated in the same way as a previous analysis. The data are presented in 01.01.2007 -31.12.2017 During the crisis period, gold again had the highest average return of 0.69%, while the shares again had the lowest return of 0.01%. Bonds, once more, showed the highest degree of security, considering the data on standard deviation, VaR, and the frequency of negative returns.
For the next step, a return correlation is calculated among the analyzed instruments, as shown in Correlation analysis shows almost no correlation amid gold and other financial assets. The difference between the bond index EG05 and gold correlation is only 0.08, while between the stock index EuroStoxx50 and gold correlation it is slightly negative, at -0.09.
The correlation between the analyzed data for the crisis and post-crisis period is shown in 31.01.2007 -31.12.2017 In this period, the correlation is almost 0 for all analyzed instruments. Moreover, there is a similar correlation over a longer period of time, as shown in Table 3 .
After calculating the correlation, the covariance among the analyzed instruments was taken into consideration. The covariance matrix is shown in Tables 5 and 6:   EG05 EURO STOXX50 Gold 01.01.2007 -31.12.2017 Source: Authors' processing
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Different portfolios were made using the covariant matrix by taking into consideration the different participation of individual instruments in the portfolio, and with the aim of finding the optimal portfolio using the Markowitz methodology.
An overview of the portfolio offering the minimum standard deviation and the appropriate return for a given level of risk or an effective set is shown in Table 7 . When calculating the optimal portfolio, the risk-free rate is fixed at 0% (German Council of Economic Experts -Annual Report 2016/17). In the current low and negative yield environment in EMU, especially in Germany, which are at the moment negative, up to 7 years. Table 7 shows data for slope, which represents the slope of the capital market line (CML) and demonstrates the point where CML has a tangency in line with the efficient set. The optimal portfolio is the one with the highest slope. At that point, there is a portfolio that has the lowest standard deviation and the lowest risk, and such is acceptable from the risk-averse investor's perspective. Table 7 . An overview of different portfolios, and optimal portfolio for a period of 01.01.2000-31.12.2017 Source: Authors' processing in Excel
All the calculations are made in Excel, using the Solver function. At the first step it was calculated portfolio who has the lowest standard deviation or the lowest risk.
For the second step, we chose a different rate of the returns, between 0.2% up to 0.8%, which was the maximum returns that gold had during the analyzed period (from 01.01.2000 until 31.12.2017). We therefore used returns from 0.250% and increased it up to a 5 basis point, as shown in Table 7 . When determining the target return, we used Solver function to find the instrument share that offer desirable return. The average portfolio return was calculated considering the average returns of each instrument and their share in portfolios compared with the risk-free rate, which was set to 0%. The slope was calculated just as a ratio between portfolio return and portfolio risk. As we can see, we calculated a different returns rate, and show a share of each instrument in corresponding returns. We also calculated returns and risk in case that portfolio consist the same share of each instrument. In that case portfolio has a returns of 0.357% but the risk of this portfolio is 2.3% which is quite high. The same level of return investor can have with a lower risk, as it is shown in Table 7 .
The results demonstrate that, from the standpoint of the risk-averse investor, the acceptable portfolio is one that offers an expected return of 0.3% with a standard deviation of 0.80%, which is represented by the tangent of the efficient set line, as shown in Figure 1 : Figure 1 . Efficient set for a period of 01.01.2000 -31.12.2017 Source: Authors' processing If an investor is risk averse, then the optimal portfolio should contain 93.3% of bonds, 5.7% shares, and the share of gold should be 1%. On the other hand, the portfolio with an expected return of 0.4% and a standard deviation of 1% can be considered an optimal portfolio. It is a portfolio made up with 90.2% of bonds, 0.5% of shares and 9.3% gold. This portfolio has a higher expected return, but also a slightly higher risk.
However, the structure of the portfolio that the investor will adopt depending on investor's risk appetite. This means that a portfolio that includes 9.3% of gold could be considered as optimal. Likewise, if an investor is ready to take on more risk, the possibility exists of including a larger share of gold in the investment portfolio.
The following phase included testing of an optimal portfolio using the same instruments for the period during the global crisis and beyond, from January 2007 to December 2017. The same calculations were used in this case. The efficient set is given in 01.01.2007 -31.12.2017 Source: Authors' processing
Efficient set is shown in Figure 2 : Figure 2 . Efficient set for a period of 01.01.2007 -31.12.2017 Source: Authors' processing An optimal portfolio comprises 93.5% of bonds, 6.5% of gold, and no stock. This portfolio has an expected return of 0.35% and a risk of 0.96%. If the investor favours a somewhat lower risk, the portfolio can consist of 95% of bonds, 4.1% of shares and 0.9% of gold. These findings confirm that, during the crisis, it was optimal to include gold in portfolios.
CONCLUSION
Economic crises, turbulence, and uncertainties in financial markets emphasize the importance of risk management strategies and portfolio diversification. At the same time, it is evident that the correlation between traditional assets, shares, and bonds is increasing. If these circumstances are considered in combination with poor returns offered by the stock, it can be concluded that investors are more interested in pursuing other investment assets, such as monetary gold.
Previous research has indicated that investors have different attitudes towards the role of gold in the portfolio. Some advocate its inclusion in portfolios, while others consider it is not beneficial. Decisions to include monetary gold in the portfolio will ultimately depend on the investor, investment objectives, and the interest in portfolio diversification.
The purpose of this study was to examine whether gold has an important role in investment portfolios from the perspective of European investors that invest in traditional assets, stocks, and bonds. Three instruments were combined -bonds, stocks and gold, whereas the optimal portfolio was found by Markowitz portfolio theory. The analyzed period was from January 2000 to December 2017, while the observation period was segmented into two periods covering the entire analyzed period, from January 2000 to December 2017, and the period of global crisis and the post-crisis period, from January 2007 to December 2017. This study tested the hypothesis that gold represents a useful instrument for portfolio diversification and, as such, is a desirable instrument in investment portfolios.
Following the research results, it can be concluded that gold represents an important instrument for portfolio diversification and, therefore, shares between 1% and 9% are recommended for inclusion in portfolios. It can also be argued that it is justifiable to include gold in investment portfolios if the portfolio is combined with European bonds and stocks. Gold is a good basis for diversification portfolios, both from the standpoint of the risk-averse investor and from the aspect of the investor prepared to take a higher risk. 
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